The homocoupling reaction between potassium aryl trifluoroborates containing different functionalities promoted by a catalytic amount of Pd(OAc) 2 is described. The methodology uses water as a solvent under aerobic conditions to give the corresponding biaryl compounds in good yields.
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Green technology is a topic, that is, receiving significant attention because of environmental issues. 1 The development of methods focusing on environmentally benign reaction media has been particularly prominent. 2 Thus, advances in the development of aqueous biphase catalysis 3 and the use of supercritical fluids, 4 ionic liquids, 5 and fluorous media 6 continue to be important areas of investigation. However, the use of water as a solvent seems to be the best option due to its simplicity and very low cost.
There are a wide range of natural products that contain a biaryl bond (Fig. 1) . 7 In addition, the widespread application of biaryls as ligands 8 and components in new materials 9 make these compounds interesting synthetic targets.
There are a number of methods developed to synthesize biaryl compounds, 10 being the homo-coupling of aryl boronic acids one of the most important. 11 However, the use of boronic acids possess some limitations such as the difficulty to purify and for having some uncertain stoichiometry, due to the formation of boroximes.
12
Organotrifluoroborates have proven to be a good option to replace boronic acids and boronate esters in Suzuki coupling reactions, providing many advantages over the latter reagents. 13 In addition, there are many possibilities of functional group interconversion reaction involving these compounds including the syntheses of aldehydes, 14 Open access under the Elsevier OA license.
The complete characterization of these salts, including heteronuclei NMR analysis, has proven to be possible since better NMR pulse sequences were developed, which allowed the acquisition of new data related to 19 F-11 B coupling constants. 19 It's also important to emphasize the recent interest on biological activities and toxicological data related to these salts. It is already described that organotrifluoroborates may act as serine protease inhibitors, 20 growth inhibition on human tumor cell lines, 21 and some of them appear to have antinociceptive activity and low toxicity. 22 Herein, we wish to describe an environmentally benign reaction for the synthesis of symmetrical biaryl compounds based on the homocoupling reaction of potassium aryl trifluoroborates under aerobic conditions catalyzed by palladium(II).
The potassium organotrifluoroborates 2a-o used in this study were prepared from the corresponding boronic acids 1a-o using KHF 2 in MeOH/H 2 O in good yields 23 and their structures were confirmed by 1 H, 13 C, 11 B, and 19 F NMR analysis (Scheme 1).
Our initial studies focused on the development of an optimum set of reaction conditions. For this purpose, potassium 3-formylphenyl trifluoroborate (2a) was used as standard substrate. Thus, 2a (0.25 mmol) was treated with a different catalysts and solvents at 25°C using potassium carbonate as a base. The obtained product 3a was characterized by 1 H and 13 C NMR. The results are described in Table 1 .
As shown in Table 1 , both Pd(OAc) 2 and PdCl 2 exhibited good catalytic activity (Table 1 , entries 1-2), being the desired homocoupling product 3a obtained in 82% and 80%, respectively. The use of Cu(OAc) 2 and CuCl 2 also gave the corresponding homocoupling product but in low yields. All reactions were monitored by 19 F NMR until the disappearance of the starting material which was accomplished after 48 h.
We chose Pd(OAc) 2 as the palladium source as a result of its low cost. In the optimization process, the effect of the Pd(OAc) 2 amount was investigated, and further experiments showed that the best cost effective results for the coupling reaction were obtained with Pd(OAc) 2 (5 mmol %). In fact, the yield was slightly enhanced by the use of 15% of Pd(OAc) 2 (Table 1, entry 5). However, by using Pd(OAc) 2 (5 mol %) a similar result was observed (Table 1, entry 1) .
The influence of the solvent in the reaction was also investigated. When the reaction was carried out using only water as a solvent, 3a was obtained in 82% yield. The use of THF as a co-solvent gave similar results, where 3a was also obtained in 82% yield. When only THF was used as a solvent, no product was observed, probably due to the low solubility of 3a in this solvent (Table 1 , entry 8). The reaction was also performed without the use of potassium carbonate. However, the product 3a was obtained in lower yield (Table 1 In this way, the optimum set of conditions for the coupling was 2a (0.25 mmol), Pd(OAc) 2 (5 mol %), K 2 CO 3 (0.625 mmol), water (4.0 mL) at 25°C for 48 h. By extending the coupling reaction to other potassium aryl trifluoroborates, various biaryls were obtained in moderate to good yields ( Table 2 ). The formation of the products was confirmed by the analysis of the 1 H and 13 C NMR spectra.
The method is tolerant to a wide range of functional groups. When electron-withdrawing groups were present in the starting potassium aryl trifluoroborate, good yields were observed (Table 2 , entries 1-8). In the same way, when the scope of the reaction was extended to electron-donating groups, the corresponding biaryl compounds were also obtained in good yields (Table 2 , entries 9 and 10).
It is known that the coupling reaction for the synthesis of biaryls is sensitive to the steric hindrance of substrates and the synthesis of highly hindered biaryls remains a challenge. 24 By the use of the method, meta-, ortho-and para-formyl mono-substituted aryl trifluoroborates gave the corresponding products in similar yields (Table 2 , entries 1-3).
However, when the reaction was performed with di-orthosubstituted aryl trifluoroborates, the respective tetra-ortho substituted biaryls were not observed (Table 2 , entries 12 and 13). The only exception occurred when 2n was used as the substrate, where the corresponding tetra-ortho substituted biaryl 3n was obtained in good yield (Table 2 , entry 14) proving in this case that the reaction is not only sensitive to the steric hindrance, but also to electronic effects. 25 The applications of binaphthyls in asymmetric synthesis are well known 26 and the development of efficient synthetic methods to prepare this class of compounds is of great interest. In this context, compound 3k was prepared in good yield and high purity using the reaction conditions (Table 2 , entry 11). When potassium 3-thiophenyltrifluoroborate 2o was used, the corresponding product 3o was also obtained in good yield (Table 2 , entry 15). Polythiophenes have become the subject of considerable interest due to it applications as conductors, electrode materials, and organic semiconductors. 27 In summary, we have demonstrated that the potassium aryl trifluoroborates are useful substrates for the synthesis of biaryl compounds in good yields under mild conditions. 28 The green methodology is simple, uses water as solvent, low catalyst loading, and is synthetically useful while it could be applied for the synthesis of more complex biaryl compounds.
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